Introduction
Takotsubo syndrome (TTS) is a transient left or/and right ventricular dysfunction which is often preceded by emotional or physical stress. It occurs mainly in postmenopausal women [1] . Multiple diagnostic criteria have been proposed; the most current was proposed by InterTAK Diagnostic Criteria [2] .
One of the criteria for diagnosing TTS is that it occurs predominantly in postmenopausal women.
Despite the fact that the most patients with TTS are postmenopausal women and the possible patomechanism is related to female hormones, including estrogens, men also suffer from TTS [3] . Therefore, the potential difference in clinical characteristics and course of the disease is interesting subject, which is the topic of this study. The goal of the study was to compare the prevalence, course of disease, and prognoses in men and women with TTS in two large Polish academic hospitals, experienced in TTS treatment and diagnosis, and participating in the international takotsubo register Inter-TAK. However, this study was designed in Warsaw and Gdansk, separately to InterTAK registry. Data about diagnosis, comorbidity, TTS course, and ECG, echocardiography, and angiography results were collected and analyzed.
Patients and Methods

Statistical methods
Normality of distributions of continuous variables were assessed using the Shapiro-Wilk test. All continuous variables were non-normally distributed and presented as median and interquartile range (IQR). For categorical variables absolute and relative frequencies were presented. Difference between groups was tested using Fisher's exaxt test. Difference in continuous variables between men and women was assessed by Mann-Whitney U test. Risk faktors of composite endpoint (atrial fibrillation, ventricular tachycardia, ventricular fibrillation, cardiogenic shock, death) were assessed with logistic regression analysis. Because of low value of events per variable (EPV), multivariate logistic regression analysis were not performed. A value of p<0.05 was considered significant for all tests.
Statistical analysis was performed using SAS® software, version 9.4.
Ethics
The study was approved by an ethics committee and that patients provided written informed consent to participate in the study.
Results
The analysis included 232 patients, 211 (91.4%) of whom were women. The characteristics of the patients sample are shown in Table 1 . Laboratory parameters, ECG and echocardiography findings are presented in table 2. All data comes from two centers, with the exception of N-terminal pro btype natriuretic peptide (NT-proBNP), which concern only patients from the Warsaw registry.
The men were younger than women (63 years vs. 71 years) and the difference was borderline significant (p=0.055). Emotional stress was the most frequent cause of TTS in both men and women, but physical stress brought TTS more often in men than women (35% vs. 14.2%, p=0.02). Interestingly, men who developed TTS were more likely alone (defined as living alone) than women.
Comorbidity
Risk factors like obesity, hypertension, hypercholesterolemia, diabetes, and family history of cardiovascular disease (CVD) were equally frequent among men and women. The only difference concerned smoking habits: 24.4% of the women and 57.1% of the men were smokers. The prevalence of comorbidity of TTS with either chronic obstructive pulmonary disease (COPD), cancer, or hyperthyroidism did not differ between men and women.
Biomarkers
The elevation of biomarkers in both men and women was typical for TTS, with highly elevated levels of NTproBNP with relatively low troponin elevation [4] . Male and female patients had similarly elevated levels of myocardium necrosis markers: troponin, creatine kinase (CK), and creatine kinase MB mass (CK MB mass). Both maximum NTproBNP levels and NTproBNP levels measures upon admission to the hospital at were significantly more elevated in women.
ECG
The most frequent ECG abnormality observed upon admission was ST-segment elevation. ST depression, occurring in isolation, was found more frequently in men than in women (25% vs 6.2%).
QTc was the same for men and women, both upon admission and on days 3 and 5 after admission.
QTc prolongation > 450ms was found in 53% of the male patients on day 1 after admission, in 60% on day 3, and in 30% on day 5. QTc prolongation > 460ms was found in 44% of the female patients on day 1 after admission, in 60% on day 3, and in 49% on day 5.
Echocardiography
The most frequent form of TTS among both male and female patients was the apical type, found in 85.7% of men and 84.4% of women. The reverse and midventricular types were less frequent. There were no differences between type of TTS (apical, midventricular, basal) between women and men.
Regional wall motion abnormalities in right ventricular (RV) function were found in 16.8% of the women and 6.3% of the men, but this difference was not statistically significant. There were also no significant differences between the two groups in the prevalence of pericardial effusion or thrombus formation. Acute functional mitral valve regurgitation tended to be more frequent in women (38.7% vs. 12.5%, p=0.05). The left ventricular ejection fraction (LVEF) was similar for men and women at admission and on days 3 and 5 after admission, but LVEF was lower among male patients at discharge, despite the same length of hospitalization.
Disease course
Clinical symptoms were similar among men and women. The most frequent symptom at admission was chest pain, present in 84.3% of the women in 81% of the men. Mediana of the time from symptom onset to hospitalization was 2 hours for women and 3.5 hours for men, not a statistically significant difference. Heart rate (HR), as well as systolic (SBP) and diastolic pressure (DBP), was similar in both groups. And similar percentage of men and women required administration of catecholamines, intra-aortic balloon pump (IABP), and mechanical ventilation.
The prevalence and types of complications during hospitalization are presented in Table 3 .
There were no differences between men and women in the prevalence of arrhythmias-atrial fibrillation (AF), ventricular fibrillation (VF), and ventricular tachycardia (VT). The prevalence of ventricular septal ruptures and cardiogenic shock was similar for both patient groups, and the length of hospitalization for the two groups was also similar. 6 women and no men died, but this was not a significant difference.
We performed the logistic regression analysis of predictors of in-hospital complications including AF, VT, VF, cardiogenic shock and death. Predictors of composite endpoint were: chest pain at admission (odds ratio, OR 0.44, 95% confidence interval, CI 0.20-0.97), dysponoea at admission (OR 2.50, 95% CI 1.70-6.98), heart rate at admission (OR 1.03, 95% CI 1.01-1.04) and LVEF at admission (OR 0.90, 95% CI 0.86-0.95). Sex wasn't a preditor of in-hospital complications (table 4) .
Treatment
ACEIs were the most frequently prescribed medications when patients were discharged. Betaadrenolytics and statins were more frequently prescribed for women than for men, and acetylsalicylic acid was prescribed for about of 70% of the patients, regardless of gender. There was a tendency toward more frequent use of P2Y12 inhibitors for men (23.8% vs. 10.4%, p=0.08). There was no difference in the used medications and mechanical circulatory devices between both centres.
Discussion
Available literature suggests that TTS in men is more frequent in Asian populations [5] . In Western Europe, men are about 10% of TTS patients [6, 7] . Our analysis shows similar prevalence of TTS in the Polish population (9%). Some authors suggest that TTS prevalence is still underestimated [8] , especially among men, who are more frequently brought to the hospital after either successful or unsuccessful cardio-pulmonary resuscitation, which precludes TTS diagnoses [6] . In the Japanese population, autopsy on patients who had suffered sudden cardiac death, 85% of whom were men, revealed that for 19.8% of these patients the most likely cause of death was sudden stress-induced cardiac dysfunction [9] .
In most cases, TTS onset is preceded by an identifiable trigger [10] . In our patient sample, emotional stress was the most frequent TTS trigger. Physical stress was a more frequent TTS trigger among men then among women, and this confirms previous research findings [6, [10] [11] [12] . It is significant that the men who developed TTS were more likely to be alone (defined as living alone) than women, and this might confirm the role of emotional TTS triggers, suggesting that lack of emotional support might increase TTS predisposition.
We did not find differences in the prevalence of most cardiovascular risk factors between men and women in our sample. The only difference we found concerned smoking habits: male TTS patients were more likely to smoke than their female counterparts, a finding consistent with the research literature [13] .
Most patients admitted to the hospital with TTS show ECG abnormalities [14] . In our patient group, ST-segment elevation was the most frequent abnormality, and ST depression, rarely found in the general population, was more frequent among men than among women. We did not find differences between men and women in QTc length at admission, and on days 3 and 5 after admission. It should be noted, however, that men have a shorter QTc than women, which is why it is especially important to note ventricular arrhythmias in male patients. Meta-analysis of research data suggests that torsade de pointes risk is higher among men [15] . Discharge LVEF was lower for men in our sample, even though their hospitalization length of men and women was similar. Despite the lack of LVEF differences at admission, and similar prevalence of RV dysfunction, pericardial effusion, and ventricular thrombus formation, time required for complete recovery of LV systolic function was longer for men than for women. This might cause delays in final TTS diagnosis and perhaps suggests the need for longer hospitalization for men. Lower LVEF at discharge, however, is not correlated with frequency of complications during hospitalization, including death. In the Polish population, we did not confirm observations made on a large patient sample from the United States, where researchers observed higher mortality among men [13] . ACEIs were the most frequently prescribed medications at discharge, which probably reflected two things: that patients frequently had hypertension, and that these medications have been shown to be beneficial in recurrence prevention [16] . Beta-adrenolytics were more frequently prescribed for women than for men. This was likely caused by the doctors' conviction that these medications can be beneficial for patients with overactive sympathetic nervous system, persistent anxiety, or palpitations, which are more frequently experienced by women. While the prevalence of hypercholesterolemia was similar for both groups, statins were prescribed more frequently to women, something we cannot explain. Despite lack of evidence as to the benefits of antiplatelet therapies, acetylsalicylic acid (ASA) was prescribed for approximately 70% of the patients. We should emphasize that this analysis includes patients hospitalized since 2009 and little was known about TTS therapies at that time. The use of ASA is not currently recommended. It should also be noted that dual antiplatelet therapy was used in almost one fourth of men and about every tenth woman, which shows that over the years TTS has been treated similarly to myocardial infarction. This is particularly clear among male patients, and is associated with doctors' limited experience that results from the low TTS prevalence in the general population. It is also valuable to learn that the average hospitalization period for patients in our sample, drawn from two large Polish hospitals, was twice as long as that in the American study, and this affects the cost-effectiveness of hospitalization, and might suggest that the length of hospitalization it the Polish case was unwarranted [13] .
The most widely accepted cause of TTS is excessive catecholamine release in response to a stressor [17] . The reason for more frequent TTS prevalence in women is not known. Some researchers suggest that lower estrogen production might be the culprit. Estrogens have a cardio-protective effect that works through a variety of mechanisms like inhibition of the renin-angiotensin system, modulation of the release of natriuretic peptide [18] , weakening of the catecholamine and glycol-corticoid response to stress, and improvement of noradrenaline-induced vascular contraction [19, 20] . In humans, Table 3 In-hospital complications, mortality and treatment ACEI-angiotensin-converting-enzyme inhibitor, AF-atrial fibrillation, ASA-acetylsalicylic acid, CCB-calcium channel blocker, IABP-intra-aortic balloon pump, NOAC-novel oral anticoagulants, VF-ventricular fibrillation, VKA-vitamin K antagonists, VT-ventricular tachycardia terminal of prohormone brain natriuretic peptide, SBP-systolic blood pressure, TnI-troponin I
